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Table 1 
Systemic sclerosis (SSc): main putative etiological factors, pathogenetic mechanisms and outcomes. VIRUSES. 
Immune system Ref. No. Endothelial cells Ref. No. Fibroblasts Ref. No. 
Mechanisms/Effects Mechanisms/Effects Mechanisms/Effects 
Human Significantly higher levels of [44,50, Antibodies directed against UL94/ [44] Antibodies directed against UL94/ [50] 
Cytomegalovirus antibodies against HCMV-derived 52] Recognition of membrane receptors of Recognition of membrane receptors of 
(HCMV) UL94 protein in serum of SSc endothelial cells (NAG-2) with dermal fibroblasts (NAG-2) with 
patients/Molecular mimicry between subsequent apoptosis of endothelial cells activation of fibroblasts and 
UL94 and self-peptides expressed on and expression of genes functionally subsequent expression of genes 
endothelial cells and dermal fibroblasts associated with clinical signs of SSc functionally associated with clinical 
(molecular mimicry mechanism) signs of SSc (molecular mimicry 
mechanism) 
Significantly higher levels of [36,51] Detection of viral transcripts in [49] Increased expression of pro- [72] 
antibodies against HCMV-derived endothelial cells from skin biopsy of fibrotic factors/Fibrosis induction in 
protein pp65 in serum of SSc a woman with SSc diagnosed after fibroblasts 
patients/Higher frequency of SSc- an acute HCMV infection/Possible 
associated autoantibodies triggering role for HCMV 
Increase of HCMV-specific CD8* T [65] Increased expression of fibrosis- [73] 
cell responses in SSc patients vs associated microRNAs/Fibrosis 
healthy subjects/Statistically induction in fibroblasts 
significant association with some of the 
most relevant disease parameters 
Increased prevalence/titer of anti- [109 Increased expression of pro-fibrotic [109] Increased expression of pro-fibrotic [72] 
Human HHV-6 U94 antibodies/Multiple factors/Fibrosis induction in endothelial factors/Fibrosis induction in 
Herpesvirus-6A HHV-6 reactivations? cells fibroblasts 
(HHV-6A) Impaired anti-HHV-6 NK response/ [109 Induction of HLA-G/Inhibition of [106] Increased expression of fibrosis- [73] 
Uncontrolled HHV-6 infection and angiogenesis associated microRNAs/Fibrosis 
reactivation induction in fibroblasts 
NLRP3 inflammasome activation/ [152 CACs apoptosis and impaired (124, Fibroblasts activation, increased [146] 
Parvovirus-B19 Immune-mediated inflammatory tissue mobilization/Neo-vascularization 148] migration, invasiveness and 
(B19V) damages evolving in fibrosis defects, diffuse microangiopathy, expression of profibrotic factors/ 
ischemic tissue damages Fibrosis induction in fibroblasts 
Retroviruses Antibodies to retroviral proteins in [16] Experimentally induced expression [16] 


sera from SSc patients. 

Sequence homologies between 
specific retroviral proteins and the 
topoisomerase I antigen (target of 
anti-Scl 70 antibodies)/Molecular 
mimicry 


of retroviral proteins in normal 
human dermal fibroblasts/ 
Acquisition of a SSc-like phenotype and 
production of extracellular matrix 
proteins 


Abbreviations: UL94 (Unique Long HCMV genomic sequence encoded 94 KDa tegument protein); NAG-2 (Novel antigen-2); pp65 (65 KDa tegument phosphoprotein); 
U94 (HHV-6 unique gene 94 product); NK (Natural-killer cells); HLA-G (Human Leukocyte Antigen-G); NLRP3 (Nod-Like Receptor pyrin domain containing 3); CACs 
(Circulating angiogenic cells). 
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ABSTRACT 

Objective 

To investigate the prevalence of human 
parvovirus B19 (B19) infection in the 
bone marrow of systemic sclerosis 
(SSc) patients. 

Methods 

Twenty-one consecutive SSc patients 
and 15 sex- and age-matched subjects 
without immunological rheumatic 
diseases were studied for: (i) the pre- 
sence of circulating anti-B19 antibod- 
ies (anti-B19 IgG and IgM type and 
anti-B19 NS1 IgG) detected by means 
of standard methodologies, and (ii) 
B19 genomic sequences in sera and 
bone marrow biopsy specimens using 
a nested-PCR technique. 

Results 

The presence of B19 DNA was de- 
monstrated in a significant percentage 
of bone marrow biopsies from SSc 
patients (12/21; 57%) and was never 
detected in the control group (p < 
0.01). In no case was the B19 viremia 
observed, while serum anti-B19 NS1 
antibodies, possible markers of B19 
persistent infection, were more fre- 
quently detected in SSc patients than in 
controls (33% vs 13%). SSc patients 
with bone marrow B19 infection 
showed a shorter mean disease 
duration than B19-negative patients 
(5.6 + 4.2 vs 12.7 + 7.8 yrs; p < 0.01). 
Conclusions 

This is the first demonstration of bone 
marrow B19 infection in a significant 
percentage of SSc patients. The pos- 
sible etiopathogenetic role of B19 
should be verified in a larger patients 
series and further investigated by 
means of molecular biology studies. 


proposed as a causative agent for some 
rheumatic disorders, such as rheumatoid 
arthritis and the systemic vasculitides 
(3), we began to study the prevalence of 
serum B19-related markers in SSc pa- 
tients (4). Viremia was detected in 4% 
of SSc patients, a very high rate in com- 
parison with that of healthy blood do- 
nors, which does not exceed 0.6% (5). 
Moreover, the presence of anti-B19 IgG, 
but not anti-B19 IgM, in the serum of 
B19 DNA-positive SSc patients sug- 
gested a persistent infection (4). 

This preliminary observation prompted 
us to further investigate the possible 
pathogenetic involvement of this virus 
in SSc. Given the B19 tropism for vari- 
ous organs, due to the broad distribution 
of its cellular receptor (6), particularly 
in bone marrow tissue, we investigated 
the prevalence of B19 infection in bone 
marrow biopsies from patients with SSc 
compared with a control group of sub- 
jects without immunological rheumatic 
disorders. 


Patients and methods 

Twenty-one unselected SSc patients (5 
M, 16 F, mean age + SD: 49 + 12 yrs., 
mean disease duration: 9 + 7 yrs.) anda 
control group of 15 sex- and age-match- 
ed subjects without immune-mediated 
rheumatic disorders (6 healthy bone 
marrow donors, and 1 monoclonal gam- 
mopathy, 4 non-Hodgkin’s lymphoma, 
and 4 multiple myeloma patients) were 
included in the study. All of the SSc pa- 
tients met the American College of Rheu- 
matology (formerly, American Rheuma- 
tism Association) 1980 preliminary cri- 
teria for the classification of the disease 
(7). Patients were consecutively recruit- 


Persistent PV-B19 infection 
of bone marrow in a significant 
percentage of SSc patients may present 
important pathological implications, 
among which we can hypothesize that 
the virus might 
> exert a chronic stimulus for the 
immune system leading to the 
immunological abnormalities 
observed in SSc, 
and/or 
it might be responsible for the 
impaired production of endothelial 
progenitors by bone marrow 
mesenchymal stem cells. 
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Figure 1 (A) Sclerodactyly and skin ulcer in the third fingertip of the right hand (arrow); (B) skin biopsy: reverse transcriptase-polymerase 
chain reaction in situ for HCMV RNA showing granular nuclear staining of endothelial cells (arrows). 
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Abstract: Systemic sclerosis (SSc) is an autoimmune disease characterized by vasculopathy, excessive 
extracellular matrix deposition, and fibrosis of the skin and internal organs. Several infectious agents, 
including human herpesvirus-6 (HHV-6), have been suggested as possible triggering factors, but a 
direct association is still missing. We characterized 26 SSc patients for the presence of HHV-6 in tissues 
and blood, the anti- HHV-6 response, HLA-G plasma levels, and KIR typing. Given the prominent role 
of endothelial cells (EC) in SSc pathogenesis, along with HHV-6 tropism for EC, we also investigated 
the expression of pro-fibrosis factors in HHV-6 infected EC. Results showed the presence of HHV-6A 
in skin biopsies, and an increased virus load was associated with disease severity and poor natural 
killer (NK) response against the virus, particularly in subjects exhibiting a KIR2 phenotype. HLA-G 
plasma levels were significantly higher in HHV-6A/B-KIR2 positive SSc patients and in vitro HHV-6A 
infection-induced pro-fibrosis factors expression in EC, supporting its role in the development of the 
fibrosing process. Our data suggest an association between virus infection/reactivation and disease, 
opening the way to future studies to understand the mechanisms by which HHV-6A might contribute 
to the multifactorial pathogenesis of SSc. 
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ABSTRACT 


Background: Systemic sclerosis (SSc) is an autoimmune systemic disease characterized by diffuse fibrosis of 
skin and visceral organs due to different genetic, infectious, and/or environmental/occupational causative 
factors, including the inhalation of silica dust. 

Objectives: To investigate serum trace elements including silicon (s-Si) levels in SSc patients living in a 
restricted geographical area with high density of worksites with silica exposure hazard. 

Methods: This case-control study included 80 SSc patients (M:F 10:70; aged 58.4 + 11.9SD years, mean dis- 
ease duration 10.1 + 7.8SD) and 50 age-/sex-matched healthy control subjects consecutively investigated at 
our University-based Rheumatology Unit. Patients and controls were evaluated for environmental/occupa- 
tional exposure categories (structured questionnaire), morphological characterization of serum micro-/nano- 
particles (Environmental Scanning Electron Microscopy and Energy Dispersive X-ray Spectroscopy 
microanalysis), and quantitative assessment of trace elements (inductively coupled plasma atomic emission 
spectroscopy). 

Results: Among various categories, only occupational exposure to silica dust was recorded in a significant 
proportion of SSc patients compared to controls (55% vs. 11%; p < .0001). Qualitative analysis showed serum 
silica micro- and nanoparticles in all exposed patients. Quantitative evaluation evidenced significantly higher 
s-Si levels in SSc patients versus controls (p < .0001); in addition, higher s-Si levels were detected in patients 
with occupational exposure (p < .0001), diffuse cutaneous SSc (p=.0047), myositis (p =.0304), and/or lung 
fibrosis (p = .0004) compared to those without; notably, the severity of lung fibrosis scoring positively corre- 
lated with s-Si levels (p < .0001). 

Conclusions: The study first demonstrated high s-Si levels in exposed SSc patients; this element might repre- 
sent a pathogenetic co-factor of more severe clinical phenotypes, mainly diffuse scleroderma with lung 
fibrosis. 


© 2018 Elsevier Inc. All rights reserved. 
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Table 2 


Systemic sclerosis (SSc): main putative etiological factors, pathogenetic mechanisms and outcomes. CHEMICALS. 


Silica 


(Si) 


Immune system 
Mechanisms/Effects 


IL-2 receptor decrease, increase of IFN- 
gamma, IL-1$, TNF-alfa, IL-6, IL-10 and 
TGF-f cytokines/Immune activation and 
lymphoproliferation 

NALP3 inflammasome-driven IL-1f 
increase, Scavenger receptors activation, 
macrophages apoptosis/Inflammasome 
activation, lung inflammation and fibrosis, 
silicosis 

Si NPs trigger cytokine inflammatory 
response and induce oxidative stress/ 
Inflammation of human peripheral blood 
mononuclear cells 


Ref. No. 


[175] 


[178] 


[176] 


Endothelial cells 
Mechanisms/Effects 


IL-8 release/Cytotoxic effect in mono- 
and in coculture with A549 alveolar 
epithelial cells and microvascular cells 


Si O2-induced increased cell 
proliferation, migration, and changes 
in endothelial cells; increased 
expression of mesenchymal markers/ 
Lung fibrosis 

Si NPs induced significant calcium 
mobilization and ROS generation/ 
Decreased the viability and damaged the 
plasma membrane of cultured HUVECs 


Ref. No. 


[177] 


[179] 


[180] 


Journal of Autoimmunity 124 (2021) 102727 


Fibroblasts 
Mechanisms/Effects 


Si induced macrophages miRNAs led 
to myofibroblast transition/Critical 
role in lung damage and fibrosis 


Silica gel induced collagen and MAP 
kinase phosphorylation on human 
dermal fibroblasts/Silica gel directly 
cause fibrotic phenotype 


Si NPs lead to cell necrosis in a dose- 
dependent manner/Fibroblast cell 
necrosis 


Ref. No. 


[181] 


[182] 


[183] 


Abbreviations: IL (interleukin); TGF (transforming growth factor); IFN (interferon); TNF (tumor necrosis factor); NALP (nucleotide-binding oligomerization domain, 
leucine rich repeat and pyrin domain containing); NPs (nanoparticles); ROS (reactive oxygen species); HUVEC (human umbilical vein endothelial cells); miRNA 
(microRNA); MAP kinase (mitogen-activated protein kinase). 
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Fig. 1. Putative etiopathogenetic network of 
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for both CD8* T-lymphocyte and/or autoa 
ntibody-mediated endothelial/fibroblast inj 
ury, myofibroblast transition, with ischemic and fibrotic organ damage; (iii) endothelial dysfunction and apoptosis are crucial for both scleroderma vascul- 
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Fig. 2. Multifactorial and multistep etiopathogenesis 
of SSc with different clinical phenotypes and out- 
comes. The natural history of SSc commonly recog- 
nizes a very early, often subclinical, stage of disease 
characterized by diffuse micro vessel dysfunction 
(Raynaud’s phenomenon is the early clinical hallmark 
that frequently precede the beginning of overt dis- 
ease) and immune-system alterations, followed by 
progressive vascular manifestations (ischemic lesions 
of the skin and internal organ), inflammatory 
immune-mediated clinical features (puffy hands, lung 
alveolitis with ground-glass opacification), and ulti- 
mately more or less severe fibrotic damage (diffuse 
skin sclerosis with finger flexion contractures, lung 
fibrosis with honey-combing). This multistep process 
is often unpredictable in individual patients, it can be 
the consequence of a variable interaction between 
hosts’ genetically driven autoimmune response to 
multiple combined/subsequent exogenous causative 
factors (see Fig. 1). The variable contribution of 
different etiological co-factors might explain the 
appearance of different clinical phenotypes and out- 
comes (skin ulcers, lung fibrosis, pulmonary hyper- 
tension, scleroderma renal crisis, etc.) among SSc 
patients and in the same patient during the course of 
the disease. Abbreviations: EC: endothelial cells; EPC: 
endothelial progenitor cells; BM: bone marrow; B19V: 
parvovirus B19; HCMV: human cytomegalovirus; 
HHV-6A: human herpesvirus 6; EndMT: endothelial- 
to-mesenchymal transition. 
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